Aimslbackground-In humans there are three phosphoglycerate mutase (PGM, EC 5.4.12.1) isoenzymes (MM, MB and BB) which have similar distribution and developmental pathways to creatine kinase (CK, EC 2.7.3.2) isoenzymes. Total serum PGM activity increases in acute myocardial infarction with the same time course as creatine kinase activity. The present study was undertaken to determine changes in the activity of PGM and its isoenzymes after acute myocardial infarction. Methods-PGM activity was measured spectrophotometrically, by coupling the formation of 2-phosphoglycerate from 3-phosphoglycerate with enolase, pyruvate kinase and lactate dehydrogenase catalysed reactions. Inter-and intra-assay reproducibility was assessed. PGM isoenzyme activities were measured using cellulose acetate electrophoresis.
activities in these patients was not as high as expected. It is suggested that PGM isoenzymes, after release into the blood, undergo postsynthetic, probably proteolytic, transformation.
In mammals there are three isoenzymes of phosphoglycerate mutase (PGM, EC 5.4.2.1), which are derived from the homodimeric and heterodimeric combinations of two different subunits (types M and B).' These enzymes have similar distribution and developmental pathways to creatine kinase (CK, EC 2.7.3.2) isoenzymes. In adult mammals, skeletal muscle and mature sperm cells contain almost exclusively type MM-PGM, whereas the BB isoenzyme is found in most other tissues. All three isoenzymes are present in substantial amounts in myocardial tissue only.`'-The present study was undertaken to determine changes in the activity of PGM and its isoenzymes in serum after acute myocardial infarction.
Methods
Enzymes and other biochemicals were purchased from either Boehringer (Mannheim, Germany) or Sigma (St Louis, Missouri, USA). PGM activity was measured spectrophotometrically at 30°C, by coupling the formation of 2-phosphoglycerate from 3-phosphoglycerate with enolase, pyruvate kinase and lactate dehydrogenase catalysed reactions. 4 Intra-assay reproducibility was tested with 15 replicates and interassay reproducibility was demonstrated by duplicating the assay 15 times. For both assays three serum samples with different PGM activities (9 U/l, 30 U/l and 127 U/l) were used. Inter-and intra-assay coefficients of variation were both <6% for the samples with the lowest PGM activity and <2% for the samples with the highest PGM activity. CK activity was measured at 37°C using an optimised spectrophotometric method with reagents from Boehringer Mannheim (CK NAC activated; catalogue number 1040715) on Activity ofphosphoglycerate mutase and its isoenzymes in serum after acute myocardial infarction difference in the PGM activities of the fresh and frozen samples. Moreover, no significant differences were observed in the electrophoretic patterns of both sample groups.
Results and Discussion
As shown in table 1, total PGM activity in serum was significantly increased in patients with a confirmed diagnosis of acute myocardial infarction. PGM activity increased in these patients following the same temporal course as total CK and CK-MB activities. PGM activity peaked 12 to 24 hours after onset of symptoms and returned to normal values within 48 hours.
As shown in fig 1 (lane 1) , an extract of human heart prepared as described previously' and analysed by cellulose acetate electrophoresis as a control, produced three bands of PGM activity, equivalent to those found in other mammals.'`In the serum from healthy subjects (lanes 2-4) only the band corresponding to type BB-PGM was present, but two additional bands were detected: one with an electrophoretic mobility larger than that of type BB-PGM (band I) and another overlapping that of BB-PGM (band II). In a series of experiments in which different components of the staining mixture were omitted, these two additional bands were found to be artefactual and did not correspond to adenylate kinase (data not shown). Band I was observed even when 3-phosphoglycerate, all co-factors and all linking enzymes were omitted. Band II required glucose but not ADP to be observed. Both artefactual bands were detected when serum samples were analysed after extensive dialysis. In all serum samples from patients with acute myocardial infarction (fig 1, lanes  5-13) the band corresponding to BB-PGM increased in size. In most samples from patients with acute myocardial infarction, a band with an electrophoretic mobility equivalent to that of MB-PGM was detected. In those samples with the highest PGM activity a weak band corresponding to MM-PGM was observed. Samples from patients with acute myocardial infarction also produced the artefactual bands seen in the samples from healthy subjects.
It has been reported that the M-PGM subunit is inactivated by oxidation of its sulphydryl groups.' 7 Therefore, total PGM activity and the PGM isoenzyme electrophoretic pattern were determined after treatment of the serum samples with dithiothreitol to reduce the disulphide bonds and reverse inactivation resulting from oxidation of the sulphydryl groups. Incubation of serum samples from controls and patients with dithiothreitol (10 mM, 10 minutes, 30°C) produced a slight increase (30%) in total PGM activity, which suggested the presence of some PGM molecules that had been inactivated by oxidation of their sulphydryl groups. However, the electrophoretic patterns of the isoenzymes did not vary greatly after preincubation with dithiothreitol.
To test for the presence of inactivated PGM isoenzymes not susceptible to reactivation by 
